role of an altered outer capsid polypeptide in that phenomenon. Finally, as with reoviruses, the function of the human rotavirus poly(A) polymerase activity and its possible relation with the virus-associated RNA polymerase is presently unknown.
Poly(A) Polymerase Activity in Human Rotavirus
SUMMARY A poly(A) polymerase enzymic activity was found in partially purified preparations of a human rotavirus. The activity was demonstrated using conditions similar to those utilized for the detection of a poly(A) polymerase previously described in reovirus (incubation at 43 °C in 70 mM-tris buffer pH 7.5 containing 12 mM-Mn2+). The enzymic activity was associated only with complete, double-shelled particles. Characterization of the poly(A)-containing product of the in vitro reaction by gel filtration on Sephadex G-100, followed by chromatography on DEAEcellulose in the presence of 7 M-urea, showed that it is composed of oligonucleotides of a chain length similar to, or slightly larger than, those observed in reovirus.
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Rotaviruses have emerged as an important group of viruses, aetiologically associated with neonatal diarrhoea in a variety of animal species, including humans (Flewett & Woode, 1978; Kapikian et al., 1978; Viera de Torres et al., 1978) . Rotaviruses share a number of characteristics with reoviruses, being now grouped within the Reoviridae family. They possess a genome composed of 11 segments of double-stranded RNA Rodger & Holmes, 1979 ) and a double-shelled structure, with an inner capsid that we have previously suggested is composed of 320 trimeric morphological subunits, forming an icosahedral arrangement around 162 holes, with a pattern characteristic of t = 16 (Esparza & Gil, 1978) . Moreover, the presence of an RNA-dependent RNA polymerase has been demonstrated in purified bovine (Cohen, 1977) and human (Hruska et al., 1978) rotaviruses. Reovirus and rotavirus RNA polymerases appear to have very similar requirements for Mg 2+, pH and temperature conditions. However, in contrast with the reovirus polymerase, which is activated by chymotryptic digestion (Skehel & Joklik, 1969; Banerjee & Shatkin, 1970) , the rotavirus RNA polymerase is not sensitive to activation by that enzyme, while readily activated by EDTA treatment. That treatment also results in the removal of the outer capsid polypeptides (Cohen, 1977; Cohen et al., 1979) . In addition to the RNA polymerase, a number of other enzymic activities have been detected in association with reovirus particles (Silverstein et al., 1976) , including a poly(A) polymerase (also known as oligoadenylic acid synthetase) (Silverstein et al., 1974; Stoltzfus et al., 1974) , which is thought to be responsible for the synthesis of the oligo(A) molecules present in purified reoviruses (Bellamy & Joklik, 1967; Shatkin & Sipe, 1967) . Since it has been suggested that the reovirus RNA polymerase and poly(A) polymerase are alternative activities of the same enzyme (Joklik, 1974; Silverstein et al., 1974; Stoltzfus et al., 1974) , we have attempted to detect poly(A) polymerase activity associated with purified human rotaviruses. The presence of such enzymic activity and its preliminary characterization is described in this report.
Human rotaviruses were obtained from stools collected from patients admitted with gastroenteritis to local hospitals, and the virus purified as previously described (Esparza & Gil, 1978) , followed by isopycnic banding in CsC1. The conditions used for the assay of poly(A) polymerase activity were basically those described by Stoltzfus et al. (1974) for reovirus. The standard reaction mixture, in 0.1 ml 70 mM-tris buffer pH 7.5 contained 2.5 mM-phosphoenolpyruvate, 1.4 gg pyruvate kinase, 12 mM-Mn 2+, 5 to 10 #Ci 3H-ATP (2,8-3H-ATP, sp. act. 29.9 Ci/mmol; New England Nuclear) and purified rotavirus at the 0022-1317/81/0000-4402 $02.00 © 1981 SGM 
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Fig. 1. Detection of poly(A) polymerase and RNA polymerase activities in fraction~ of a CsC1 density gradient of human rotavirus. Virus particles were purified from faeces by Freon-I 13 extraction, pelleting through a cushion of 45 % sucrose in PBS, followed by isopycnic centrifugation in CsC1. Fractions (1.3 ml) were collected by bottom puncture and their density determined by refractometry. Each fraction was then divided into two aliquots for the detection of each of the two enzymic activities. For the poly(A) polymerase activity, each fraction was diluted with 5 ml PBS and centrifuged at 100000 g for 3 h at 4 °C in the SW65 rotor; the pellets were resuspended in 70 mM-tris buffer pH 7.5 and used for the assay. For the RNA polymerase activity, each fraction was diluted with 5 ml PBS and treated for 30 rain at 37 °C with 15 mM-EDTA to remove the outer capsid; samples 'were then ultracentrifuged as above, and the pellets used for the assay, as described by Cohen (1977) . ---, Density; O O, poly(A) polymerase activity; O---O, RNA polymerase activity. concentration indicated for each experiment. The approximate concentration of rotavirus was estimated by a particle count with the electron microscope. The reaction was allowed to proceed at 43 °C for 4 h. At the end of the incubation period, samples were precipitated with 20 vol. 10% trichloroacetic acid (TCA) containing 1% sodium pyrophosphate. Precipitates were collected on nitrocellulose filters (Millipore), washed three times with cold 5 % TCA (containing 1% sodium pyrophosphate), air dried and counted in a toluene-based scintillation fluid (Aquasol; New England Nuclear).
We first examined the time-course of the in vitro reaction using human rotavirus preparations that showed by electron microscopy a large amount of complete virions (10 ~2 physical particles/ml) and very little contamination with extraneous material. When partially purified virus was added to the reaction mixture, significant incorporation of ATP into a TCA-precipitable product was found to occur. The reaction proceeded efficiently for at least 4 h of incubation, at which time a plateau was still not reached. The dependence of the in vitro poly(A) polymerase reaction on virus concentration was also examined and the incorporation of ATP was directly proportional to the concentration of virus particles used in the assay. When partially purified human rotavirus was subjected to isopycnic centrifugation in CsC1, and fractions assayed for enzymic activity, a major peak ofpoly(A) polymerase was detected at a density of 1.36 g/ml, corresponding to the density of complete, double-shelled particles (Rodger et al., 1975; Tam et al., 1976) (Fig. 1) . Under the same conditions, and (a to c) followed by DEAE-cellulose chromatography (d to f). Total RNA was obtained by phenol extraction from a reaction mixture containing approx. 10 t3 virus particles and 100 ¢tCi 3H-ATP. The in vitro product was applied to a Sephadex G-100 column (a) and eluted with a buffer containing 1 mM-EDTA and 20 mM-tris pH 8. One ml fractions were collected and their radioactivity estimated by scintillation counting. Fractions containing the radioactivity (40 to 60) were pooled, lyophilized and applied to a DEAE-cellulose column (d). The sample was eluted with a linear gradient of NaC1 (0,05 to 0.5 M) in 50 mM-tris pH 8 and 7 M-urea. The concentration of NaC1 was determined by conductivity measurements in each of the DEAE-cellulose separations shown in the figure, although it was only plotted in (d). Panels (b) and (e) show the elution patterns obtained with total RNA extracted from 3H-adenosine-labelled reovirus. The reovirus (a local type 2 isolate) was grown in LLC-MK 2 cells in the presence of 10/~Ci/ml 3H-adenosine, and harvested 24 h after inoculation; the virus was purified by a procedure similar to that used for rotavirus. Panels (c) and (f) show the results obtained with total RNA extracted from a reaction mixture containing no rotavirus particles.
after enzyme activation by EDTA treatment of each fraction, RNA polymerase activity was detected at the densities corresponding either to single-capsid (density 1.38 g/ml) and double-capsid (density 1.36 g/ml) particles. That experiment indicates that poly(A) polymerase activity is associated with complete, double-shelled virions and that it is not present, or only present at tow levels, in single-capsid particles. The RNA polymerase activity was associated with naturally decapsidated particles lacking the outer shell, or with single-capsid particles produced by chelating agents, as previously described for bovine rotavirus (Cohen, 1977; Cohen et al., 1979) .
However, an intriguing observation was the presence of poly(A) polymerase and RNA polymerase activities associated with particles, banding at a density of 1.34 g/ml in isopycnic CsC1 gradients (Fig. 1) . Electron microscopic observations of that material showed the presence of large quantities of virus particles at different degrees of degradation, probably corresponding to incomplete, RNA-deficient virions. Empty particles from human rotavirus band at a density of 1.28 to 1-30 g/ml (Rodger et al., 1975; Tam et al., 1976) and do not possess RNA polymerase activity (Hruska et al., 1978) .
The poly(A)-containing product of the in vitro reaction was partially characterized by gel filtration on Sephadex G-100. Total RNA was obtained from the poly(A) polymerase reaction mixture by lysing the virions with 0.5 % SDS followed by two extractions with water-saturated phenol, and three additional extractions of the final aqueous phase with ether, to remove residual phenol (Nichols et al., 1972) . Samples were then applied to 2.5 × 15 cm Sephadex G-100 columns, equilibrated with 1 mM-EDTA, 20 mM-tris pH 8 and eluted at 0 °C with the same buffer at a flow rate of 10 ml/h. One ml samples were collected and counted in Aquasol (New England Nuclear) (Stoltzfus & Banerjee, 1972; Carter et al., 1974) . Two controls were used: total RNA extracted from reovirus grown in the presence of 3H-adenosine and RNA extracted from a reaction mixture containing no rotavirus particles. The RNA isolated from reovirus (Fig. 2 b) eluted in two peaks, one in the excluded volume, corresponding to double-stranded genomic RNA, and a second one corresponding to the single-stranded oligonucleotides (Nichols et aL, 1972; Stoltzfus & Banerjee, 1972) . The poly(A)-containing product of the in vitro reaction (Fig. 2a) eluted similarly to the second peak from the reovirus RNA preparation. However, all radioactivity from the unreacted ATP used as a control also eluted in the same region (Fig. 2 c) .
Thus, to further identify the RNA species present in the second peak from the Sephadex G-100 column, fractions were pooled, lyophilized, resuspended in 0-5 mi buffer containing 50 mM-tris pH 8, 50 mM-NaCI and 7 M-urea, and loaded on top of a column (2 × 15 cm) of DEAE-cellulose (Stoltzfus & Banerjee, 1972; Carter et al., 1974) . The sample was eluted with 220 ml of a linear gradient of NaC1, from 0-05 to 0.5 M, in the same buffer. Three ml fractions were collected at a flow rate of 15 ml/h. The radioactivity of each fraction was determined using Aquasol (New England Nuclear) and the concentration of NaC1 estimated by conductivity measurements. The radioactivity profile of the single-stranded RNA obtained from reovirus (Fig. 2e) showed some small peaks eluting from the column at a salt concentration of 0.2 M or less, corresponding to short length chains (one to four nucleotides long) and a major peak, eluting at an NaCI concentration of 0-2 to 0.4 M, a position where oligonucleotides (10 to 15 nucleotides long) elute (Stoltzfus & Banerjee, 1972) . With the single-stranded RNA obtained from the complete reaction mixture, a large percentage of the radioactivity eluted early in the gradient, probably corresponding to 3H-ATP molecules used in the assay not incorporated into RNA, and a second peak was observed eluting at approx. 0.4 M-NaC1, representing the newly synthesized oligonucleotides (Fig. 2d) . The second peak was not observed in the control unreacted ATP (Fig. 2f) .
This report presents some evidence indicating that, in addition to an RNA polymerase, human rotavirus possesses a poly(A) polymerase activity. Although such activity was not fully characterized, it appears to have close resemblance to the poly(A) polymerase activity described in reoviruses. Since human rotaviruses are difficult to grow in tissue culture (Schoub et al., 1979; Esparza et al., 1980) , all experiments were done with samples purified from human faeces, which limited the amount of suitable material. Thus, we arbitrarily fixed some of the assay conditions (namely temperature of incubation, pH and divalent cation requirements), similarly to those described for the reovirus poly(A) polymerase . This decision was based on the close similarities observed between the requirements for the RNA polymerase activity associated with reovirus and that of rotavirus (Cohen, 1977) , and the fact that both pH and temperature dependence appear to be similar in the reovirus-associated RNA polymerase and poly(A) polymerase (Silverstein et al., 1974; Stoltzfus et al., 1974) . Both RNA polymerases from reoviruses and from rotavirus exhibit a preference for Mg 2+ over Mn 2÷ as the divalent cation, while the poly(A) polymerase of reovirus requires Mn 2÷. In our assay we used a concentration of 12 mM-Mn 2+, which in reovirus results in a selective synthesis of poly(A) ).
An intriguing observation was the inability to detect any poly(A) polymerase activity in a tissue culture-adapted strain of bovine rotavirus (Mebus et al., 1971) , even when that strain shows a very active RNA polymerase activity. At present, we are investigating any possible
